Abstract: Condensation of pyrazine-2,3-dicarboxylic acid anhydride with aminoacetophenones gave the corresponding N-(acetylphenyl)pyrazine-2-carboxamide. Their reactions with some electrophilic (carbonyl group, bromine) and nucleophilic (malononitrile, hydrazine) reagents are discussed. N- phenyl]pyrazine-2-carboxamide underwent Michael addition reaction with an activated double bond yielding 3-amino-5-aryl-3'-(pyrazine-2-carboxamido)biphenyl-2,4-dicarbonitrile derivatives and 2-imino-4-(3-(pyrazine-2-carboxamido)phenyl)-6-(4-methoxyphenyl)cyclohexa-3,5-diene-1,1,3-tricarbonitrile. The structures of the newly synthesized compounds were confirmed by their IR, 1 H NMR, 13 C NMR and mass spectra data. Antimicrobial acitivites and Leuconostoc sp. growth inhibition of the newly synthesized compounds were studied and some of these were found to exhibit a pronounced effect.
INTRODUCTION
Pyrazinamide (PZA) is a nicotinamide analogue that has been used as a first-line drug to treat tuberculosis 1, 2 and is thought to be a prodrug of pyrazinoic acid, a compound with antimycobacterial activity. 3 Various compounds possessing the -NHCO-group were found to inhibit photosynthetic electron transport. [4] [5] [6] [7] Therefore, antimicrobial and Leuconostoc mesenteroides growth inhibiting evaluations of the newly prepared pyrazine-2-carboxylic acid derivatives were additional areas of interest to us. RESULTS 
AND DISCUSSION
The reaction of pyrazine-2,3-dicarboxylic acid anhydride (1) with aminoacetophenones in boiling glacial acetic acid containing sodium acetate gave the corresponding N-(4-acetylphenyl)pyrazine-2-carboxamide and N- (3-acetylphenyl) pyrazine-2-caboxamide (2a,b) (Scheme 1).
N-(Acetylphenyl)pyrazine-2-carboxamides (2a,b) were condensed with aromatic aldehydes to give the corresponding N- [4- and/or 3-(3-(4-substituted phenyl)acryloyl)phenyl]pyrazine-2-carboxamide (3a-c). Bromination of 2a with bromine gave the corresponding N- [4-(bromoacetyl) phenyl]pyrazine-2-carboxamide (4) . Reaction of 2b with malononitrile gave the corresponding N- [3- Treatment of the phenylethylidenehydrazine derivative (6a) with ethanolic piperidine solution containing the respective aromatic aldehyde afforded the corresponding 1-[4-(pyrazine-2-carboxamido)phenyl]ethylidene, (p-substituted benzaldehyde)azine derivatives (7a-c) (Scheme 2). Also, the ethylidenehydrazone derivative 6a reacted with p-methoxybenzylidenecyanoacetamide in ethanol containing piperidine as base to give a single product 7b completely identical with that previously obtained from 6a and the corresponding aldehyde (m.p. and mixed m.p.).
The formation of 7b from 6a and p-methoxybenzylidenecyanoacetamide can be explained to occur by the addition of hydrazone NH 2 to the activated double bond forming the intermediate 8 which undergoes spontaneous elimination of cyanoacetamide to give the final product 6b (Scheme 2).
razine-2-carboxamido)phenyl)-6-(4-methoxyphenyl)cyclohexa-3,5-diene-1,1,3-tricarbonitrile (11) . Treatment of 5 with ethyl a-cyano-4-methoxycinnamate (9c) gave the corresponding 3-amino-5-(4-methoxyphenyl)-3'-(pyrazine-2-carboxamido)biphenyl-2,4-dicarbonitrile (10b) (Scheme 3).
The cyclization occurs by attack of the carbanion to the cyano group with the probable formation of an imino intermediate (A), which i) undergoes subsequent elimination of an HCN molecule to give 10a or HCO 2 Et to give 10b, ii) or undergoes subsequent oxidation to give 11.
The identities of these compounds were established by spectral data and elemental analysis (Tables I and II) .
In the EI spectra, the molecular ions of pyrazine carboxamide 2b, 6a were detected in high abundance, except for derivatives 4, 5 where the abundances were low to medium. The main fragmentation observed for these compounds was the cleavage of the CONH bond to yield a fragment at m/z: 107, which undergoes further fragmentation to give the base peak at m/z: 79 (2a,b, 5 & 6a). The complementary fragments have different molecular mass with different abundance according to their chemical structures (Scheme 4).
Preliminary antimicrobial screening (Table III) showed that compounds 4, 5, 6c, 7a, 10a,b and 11 possess pronounced antimicrobial activities (+++) (MIC 1 mg/ml) towards BS * , SA * , PA * EC * and CA * (for compound 4 only), while compounds 5, 10a, 10b, 11 showed moderate activities (++) (MIC 2 mg/ml) against CA*, AN*. The other compounds were less active (+) or inactive (-). The present study revealed that the structure of the compounds with the highest inhibitory effect belonged to those in which the carboxamide phenyl part was substituted at 4'-position with a 2-bromoacetyl (4).
Also, incorporation of a N-(3-(2,2-dicyano-1-methylethenyl)phenyl) (5), phenylethylidenehydrazine (6c), phenylethylidene p-chlorobenzaldehydehydrazone (7a), and phenyl-3-amino-5-aryl-2,4-dicarbonitrile (10a,b) moieties, and the substitution of a N-carboxamide phenyl moiety at 3-position with 3-imino-5-p-methoxyphenyl-2,4,4-tricyano-1,5-cyclohexadienyl group (11), seem to increase the antimicrobial activity.
For Leuconostoc mesenteroides, the results (Table III) showed that compounds 4, 5, 7a, 6c, 10a,b and 11 exhibited a pronounced inhibition. EXPERIMENTAL M.p.s are uncorrected and were determined on a Stuart Scientific Co. Ltd. Melting point apparatus. The IR spectra n max /cm -1 (KBr) were measured on a FT IR/5300 spectrometer. The 1 H NMR and 13 C NMR spectra, d(ppm), were recorded on a Varian Mercury (300 MHz) spectrometer and the mass spectra on a Shimadzu GC-MS QP 1000EX spectrometer Winnipeg University, Canada. Elemental analyses were carried out in the Microanalytical Laboratories of the Faculty of Science, Cairo University. The analytical results for (C, H, N) were within ± 0.2 % of the calculated values. Pyrazine-2,3-dicarboxylic acid (97 %), 4-aminoacetophenone (99 %), malononitrile (99 %) and other reagents were purchased from Aldrich.
Preparation of N-(acetylphenyl)pyrazine-2-carboxamides (2a,b)
A mixture of pyrazine-2,3-dicarboxylic anhydride (1) (4.5 g; 30 mmol) and the corresponding aminoacetophenone (4.05 g; 30 mmol) in glacial acetic acid (30 ml) was refluxed for 3 h until complete precipitation. The formed solid product was collected by filtration and recrystallized from ethanol to give 2a,b (Table II) .
Preparation of N-[3-or 4-(3-(4-substituted phenyl)caryloyl)acryloyl)phenyl]pyrazine-2-carboxamides (3a-c)
The respective aromatic aldehyde (5 mmol) was added to a mixture of N-(acetylphenyl)pyrazine-2-carboxamide (2a,b) (1.21 g; 5 mmol), sodium hydroxide (6 mmol) in water (2 ml) and etha-nol (6 ml). The reaction mixture was stirred at room temperature for 24 h. The obtained solid was washed with water, dil. ethanol and recrystallized to give 3a-c (Table II) .
Preparation of N-[4-(bromoacetyl)phenyl]pyrazine-2-carboxamide (4)
Bromine (0.4 g; 5 mmol) in glacial acetic acid (10 ml) was added dropwise with occasional stirring to a solution of 2a (1.21 g; 5 mmol) in glacial acetic acid (10 ml) at room temperature. The stirring was continued for 6 h and the mixture was left over night. The obtained solid was collected, washed with NaHSO 3 solution and crystallized from glacial acetic acid to give 4 ( Table II) .
To a solution of 2b (2.41 g; 10 mmol) in dry benzene (30 ml) was added malononitrile (10 mmol), ammonium acetate (2 g) and acetic acid (2 ml). The reaction mixture was refluxed using a Dean-Stark water separator until water ceased to be collected. The solution was cooled, washed with water, dried over anhydrous sodium sulfate and concentrated under reduced pressure. The obtained solid was collected and crystallized from benzene to give 5 (Table II) .
Preparation of {2-(4-and/or 3-(pyrazine-2-carboxamido)phenyl]ethylidene}hydrazine (6a,c) and {2-(4-and/or 3-(pyrazine-2-carboxamido)phenyl]ethylidene}phenylhydrazone (6b,d)
A mixture of 2a,b (2.41 g; 10 mmol) and hydrazine hydrate and / or phenylhydrazine (10 mmol) in n-butanol (30 ml) was heated under reflux in a water bath for three hours. The reaction mixture was cooled and the obtained solid was filtered off and recrystallized from ethanol to give 6a-d (Table II) .
Preparation of 1-[4-(pyrazine-2-carboxamido)phenyl]ethylidene, (p-substituted benzaldehyde) azine derivatives (7a-c)
An aromatic aldehyde (5 mmol) was added to a mixture of 6a (1.275 g; 5 mmol) in ethanol (30 ml) and few drops of piperidine. The reaction mixture was refluxed for one hour. The separated solid was filtered and recrystallized from the appropriate solvent to give 7a-c (Table II ).
An authentic sample of 7b was obtained from 6a (0.765 g; 3 mmol) and p-methoxybenzylidene cyanoacetamide (0.606 g; 3 mmol) in ethanol (20 ml) and few drops of piperidine under reflux for 2 h. The m.p. and mixed m.p. were determined.
Preparation of 3-amino-5-aryl-3'-(pyrazine-2-carboxamido)biphenyl-2,4-dicarbonitrile (10a,b) and 2-imino-4-(3-(pyrazine-2-carboxamido)phenyl)-6-(4-methoxyphenyl)cyclohexa-3,5-diene-1,1,3-tricarbonitrile (11)
Equimolar amounts of 5 and 9a-c (3 mmol) were refluxed for 3 h in ethanol (30 ml) containing a catalytic amount of piperidine (0.5 ml) and then cooled. The solid product was collected and recrystallized from the appropriate solvent to give 10a,b and 11, respectively (Table II) . (Table III) .
The tested compounds were dissolved in N,N-dimethylformamide (DMF) to obtain a solution of 1 mg/ml, the inhibition zones were measured at the end of an incubation period of 48 h at 28 ºC. N,N-Dimethylformamide (DMF) showed no inhibition zones.
The activities of these compounds were tested using the disk diffusion method. 8, 9 The area of the zone of inhibition was measured using Neomycin and Mycostatine as standard antibiotics. The results are given in Table III . 
Leuconostoc mesenteroides growth inhibition
Viscous polysaccharides produced by L. mesenteroides are widely recognized as causing product losses and processing problems in the production of sucrose from sugar cane and sugar beet. 10 Therefore, the aim of the present study was to investigate the possibility of using the pyrazine-2-carboxamide derivatives as inhibitory compounds for L. mesenteroides. Most strains in liquid culture appear as cocci, occurring singly or in pairs and short chains. However, cells grown in glucose or on solid media may have an elongated or rod shaped morphology. 11 Hence, the test was carried out on a liquid culture and the area of the zone of inhibition was measured using Neomycin and Mycostatine as standard antibiotics. The results are given in Table III. 
